Polymer gel dosimeter have been developed as means of detecting and verifying an absorbed doses given to cancer patients for radiotherapy in the range (0-10Gy) as measured and verification dose distributions of three-dimensional (3D) treatments. This article reports on the dosimeter of a new N-isopropanol acrylamide NIPAM, high weight percent T%, %C the mass percent of all comonomer polymer gel formulation (6T%, 20C%), optimized for magnetic resonance imaging (MRI). The aim to investigated MR-based polymer gel dosimeter as a three-dimensional 3D dosimeter in IMRT. Magnetic resonance spin-spin relaxation rate images were acquired and, after calibration, converted to absorbed dose distribution. The dose maps were compared with the dose distribution calculated using ion chamber in one plan and radiographic film for two plans. The dosimeters were irradiated by 4, and 10MV photons for doses in the range (4-10) Gy. The multiecho sequence was used for the evaluation of T 2 ( spin-spin relaxation times) in the irradiated gel 
INTRODUCTION
Polymer gel dosimetry is a technique that has the ability to map absorbed radiation dose distributions in three dimensions (3D) with high spatial resolution. Polymer gel dosimeters offer a number of advantages over traditional dosimeters such as ionization chambers, thermoluminescent dosimeters (TLD), one dimensential and radiographic film. Two-dimensential (2D) These advantages include independence of radiation direction, radiological soft tissue equivalence, integration of dose for a number of sequential treatment fields, and perhaps most significantly, evaluation of a complete volume at once. For reviews of polymer gel dosimetry systems see the proceedings of the DOSGEL International Conferences on Radiotherapy Gel Dosimetry (DOSGEL ,2004) . The first polymer gel dosimetry system that maintained 3D absorbed dose information methylenebis-acrylamide (bis) and acrylamide (AA) co-monomers consisted of N,N infused in an aqueous agarose matrix. The purpose of this work was to evaluate the N-isopropyl acrylamide (NIPAM) gel dosimeter and optimize the protocol for MRI imaging of gel dosimeters for radiation therapy application.
MATERIAL and METHODS

Gel manufacture
Polymer gels were manufactured using 5 % gelatin, 30 % Iso Propanol, and 5 mM 
Gel irradiation
Gels were irradiated using a Varian Clinac linear accelerator (Varian Inc, Palo Alto, CA, USA) using 6MeV photon, a 10 x 10 cm 2 field size, and a dose rate of 400cGy / min at 1.5 cm depth in water, for dose response studies, gels were irradiated in a customized phantom to between 4-10 Gy. For the imaging application, gels were irradiated in an immobilization device with 3 separate irradiations: (i) a single PDD with 4 Gy at d max , (ii) a two-field cross (~10 Gy at d max ), and (iii) a 3-field irradiation. The single and 2-field irradiations were used to generate a calibration curve for the polymer gel dosimeters. This calibration was then applied to the 3-field irradiation in order to convert relative response to dose. All treatment planning was performed using linear accelerator. 
Imaging (MRI Relaxation Time Imaging)
A 0.5 T commercial MRI imaging system (Gyroscan T 5 /Philips) was used for imaging purposes. A special wooden mold was constructed to fix in the head coil. The water tank also was stuck to this wooden mold to prevent dislocation of the phantom in the head coil in scanning processes before and after irradiation. The scanning protocols were also identical for before and after irradiation. The data in the MRI console was transferred to the computer (Gyroview) work's station for analysis. For each image an average region of interest (ROI) was obtained and the value of noise was subtracted from this ROI. The data of the signal intensity for after irradiation was subtracted from before irradiation data to obtain the variation of signal intensity (I) due to irradiation for each region. In this work, two imaging protocols named spin echo (SE) and gradient echo (GRE) were used. R 2 ) of the dosimeter gels, from which dose maps can be calculated. Conventionally, the corresponding relaxation times are measured, from which the rates can be computed.
Relaxation times are measured by applying radiofrequency (RF) pulses to excite the magnetization of the spin system, and then sampling during the return to equilibrium. The transverse relaxation time (T 2 =1/R 2 ) is measured by fitting data collected from at least two points on the transverse relaxation curve following excitation. Knowledge of the RF homogeneity of the RF coils used is useful to assess the effects of sample placement within the coil, which may affect the signal-to-noise ratio in different regions of a gel.Variation in measured may result from many factors, including changes in RF coil tuning, physical position within the coil, coil loading, imaging slice orientation and room temperature.
Evaluation of polymer gel dosimeter
Evaluations of dosimeters were performed on a Siemens Symphony Germany, 0.5T 
Calibration of the dosimeter
Nine borosilicate glass vials were used to obtain calibration curves. Two calibration curves are computed, one that includes background subtraction (yintercept=0) and one that does not include background subtraction (non-zero intercept).
The slope of the linear portion of the calibration curve gives the gel sensitivity. The storage, irradiation and temperature during MR imaging of the gel vials used for dose calibration and the large experimental gel were kept under identical conditions. All MRI scanning is performed at the same time post-irradiation.
RESULTS and DISCUSSION
The polymerization reaction is found to be stabilize at 15 h post-irradiation. Spatial stability investigations reveal a small overshoot in response for gels imaged later than 36 h post-irradiation. Based on these findings, it is recommended that the modified gel formulation could be imaged between (15-36) hours after irradiation. Intra-and inter-batch reproducibility is found to be excellent over the entire range of doses studied (0-20) Gy. A significant dose rate dependence is found for gels irradiated between (100-600) MU/1min.The R 2 -dose calibration curves for the 4 and 10MV irradiation beams are shown in Figures1 and 2, respectively. The 10MV calibration curves were used to obtain dose rate (R 2 ) maps from the polymer gel. The unit for dose is Gy, while the unit for the relaxation is inverse second. Shown in the graphs are the slope, y-intercept and chi-squared (R 2 ) values for both beams. The graphs are linear up to at least 7.14Gy (R 
